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CHROMATOGRAPHY 
The identification and separation of various species can be achieved b\ 
an array of systematic procedures. Among the most Ncrsatiie analytical 
separation techniques, chromatography has wider applicability. In spite of the 
popular belief and general acceptance of the contribution of Tswcii as being 
the real discoverer of chromatography (literally "colour writing" from the 
Cjreek), the starting of chromatography predated to the work of F. F. Rnn^^c 
who investigated the separation of coloured substances (i.e. dyes) on paper 111 
The work carried out by Goppelsroeder [2] and Schonbein [3| on 
chromatographic separation of substances on filter paper has been included in 
a report published by Fischer and Schmidner [4] in 1892. However, the 
concept of separation on column may be attributed to Reed's work, which was 
followed by Day who separated petroleum fractions with the help of columns 
15, 6]. The paper published in 1906 by M. Tsweft a Lecturer of Botany at the 
University of Warsaw provided the first description in nearly modern terms of 
chromatographic separation [7]. He described the resolution oi' different 
components of pigments as coloured bands on a calcium carbonate column 
like spectrum of light rays and termed it as "chromatogram". fhe actual 
importance of Ts^vett's work remained dormant until about 1931, when 
separations of plant carotene pigments were reported by prominent organic 
chemist Kiihn [8,9|. His research attracted much attention and adsorption 
column chromatography became invaluable tool in the field of natural product 
chemistry. In 1941, Martin and Synge [10,llj laid another milestone in 
development of chromatography by reporting their discovery ol" liquid-liquid 
partition chromatography. One liquid was used as adsorbent and another liquid 
was allowed to percolate through the former, thus making the technique as a 
chromatographic process. This work initialized the development of other forms 
of chromatography. 
Chromatography is a physical method of separation in which the 
components to be separated are distributed between two phases, namely fi| 
stationary phase, which can be a solid or a liquid support on a solid and [iij 
mobile phase (a gas or a liquid) which flows continuously through the 
stationary phase. The separation of individual components results primarily 
due to differences in their affinity for the stationary and mobile phases. 
Chromatography is a collective term, which is applicable to all method that 
appear diverse but, share certain common features. The basis of separation in 
chromatographic methods is the differential migration of mixture with suitable 
combination of driving force and resistive action in order to achieve effective 
separations. The chromatographic systems can be classified according to: 
(1) State of aggregation of the phases 
(2) Physical arrangement of the phases 
(3) Mechanism underlying the distribution equilibrium 
Chromatographic systems generating from solid, liquid and gaseous 
phases are (a) liquid-liquid (b) liquid-solid (c) gas-liquid and (d) gas-solid. Jf 
the mobile phase is a gas, the technique is known as "Gas Chromatography" 
and if it is a liquid then the technique is called as "Liquid Chromatography". 
The stationary phase may be in the form of flat bed consisting of adsorbent 
spread uniformly on a sheet of glass or aluminium (thin-layer 
chromatography) or a sheet of cellulose (paper chromatography) or packed 
into a glass or metal column (column chromatography). According to the 
mode of separation of mechanism, chromatography can be adsorption, 
partition, ion-exchange, size exclusion, elecirochromalograph) etc. A simple 
classification of chromatographic methods are summarized in Table 1.1 
Table 1.1: Classification of chromatographic methods 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
J 
Type of Chromatography 
Adsorption chromatography 
Partition chromatography 
Modi lied partition (or bonded 
phase) chromatography 
Ion-exchange 
chromatography 
Exclusion chromatography 
Electrochromatography 
Examples 
Column chromatography, thin-layer 
chromatography, gas-solid 
chromatography. 
Paper chromatography, rcvcrscd-
phase thin-layer chromatography, 
classical liquid-liquid 
chromatography. 
lligh-perrormancc liquid 
chromatography (UPLC) and high 
performance (1 IP) TLC. 
Cation and anion exchange 
chromatography. 
Ion-exclusion and gel permeation 
chromatography, molecule or sieve 
chromatography. 
Capillary and zone electrophoresis. 
Since the work summarized in this dissertation is based mainly on the 
use of thin-layer chromatography as a separation technique, it is thererorc 
worthwhile to provide the important aspects of this technique. Ihe Ibllowing 
paragraphs are devoted to cover all important aspects of the development and 
current state-of-art procedure of thin-layer chromatograph\ as used lor the 
analysis of synthetic dyes. 
THIN LAYER CHROMATOGRAPHY 
Thin layer chromatography (TLC) is a subdivision of liquid 
chromatography in which the mobile phase (a liquid) migrates through the 
stationary phase (a thin layer of porous sorbent on a planar inert surface) by 
capillary action. This technique is • simple, versatile and inexpensive for 
separating and identifying the components of complex mixtures of inorganic, 
organic and biochemical substances. 
History of TLC has been reviewed by Stahl 112|, Kirchner |13,14J and 
Pelick et. al [15]. The beginning of TLC can be ascribed to the report of Dutch 
biologist, Beyerink [16], who separated hydrochloric and sulphuric acids in the 
form of line rings on thin layer of gelatin using a visualizing agent, lollowing 
the same method, Wijsman [17] identified in the presence ol'lwo enzymes in 
mall diastase using a fluorescent method for detecting separated enzymes on 
thin layer. He used the bacteria obtained from sea water as fluorescent agent. 
However the invention of TLC is usually credited to two Russian Scientists, N. 
A. Izmailov and M 5. Schraiber, who used binder free horizontal thin layers (2 
mm thick) of alumina spread on glass plate to the analysis of pharmaceutical 
preparations which led to the publication of their classical paper 118] on "A 
Spot Chromatographic Method of Analysis and Us Application in Pharmacy" 
in 1938. Since their method consists of depositing a drop of sample solution 
being investigated and the development by the application ol" several drops of 
solvent on flat surface of adsorbent before observing the separated zt)nes. it 
was called "Drop Chromatography or Spot Chromatography", fhey also 
pointed out the usefulness of this method for preliminary testing oi' sorbent 
properties before their utilization in the form of column. Though Izmailov is 
best known for his ftindamental work on TLC, his main Held of interest was 
electrochemistry for which he received the Mendeleiv Prize of the Academy oi" 
Science of USSR in 1961. 
In 1940, Lapp and Erali used a loose la>er orakiniina spread on a glass 
slide that was supported on an inclined aluminium sheet | I9J. It is interesting 
that, in 1949, two American Chemists, Me'mhard and Hall [20] gave the 
concept of 'Surface Chromatography" and described their work on the use of 
microscope slides coated with a mixture of alumina (an adsorbent) and celite 
(a binder) to separate Fe^ ^ and Zn^ .^ Their work was probably the first 
application of TLC for the separation of inorganic ions. 
A major breakthrough in the field of Tl.C came in the early 1960's with 
the availability of precbated plates |21|. It had reccnll) been reuli/ed thai 
modem high performance thin layer chromatography (IIPFI-C) initiated in 
1975, rivals high pressure liquid ehromalography (liriC) and gas 
chromatography (GC) in its ability to resolve complex mixtures and to provide 
analyle quantification. 
TLC is the most widely used chromatographic method because of the 
following reasons: 
(a) Being an off-line technique, various procedural steps can be carried out 
independently. 
(b) Possibility of simultaneous analysis of large number of samples. 
(c) Wider choice of stationary and mobile phases. 
(d) Disposable nature of TLC plates. 
(e) Possibility of direct observation of colourful reactions on TLC plates. 
(0 Reasonable sensitivity and resolution capability. 
Numerous publications on TLC applications attest to the versatility and 
applicability of this technique in all branches of science. It has opened new 
fields of exploration and become an invaluable aid to separation scientists. 
TLC can be used for (a) qualitative analysis (to idenlil\ ihc presence or 
absence of a particular substance in a mixture) (b) quantitative analysis (lo 
determine precisely and accurately, the amount of particular substances in a 
sample mixture) and (c) preparative anal\sis (to purir\ and isolate a particular 
substance for subsequent use). All three cases require the common procedures 
of sample application, chromatographic separation and sample component 
visualization. However, analytical TLC differs from preparative fLC as the 
sample solution/or amount is applied on thinner layers in the former case, 
whereas thicker TLC plates were used for preparative fLC. 
TLC PROCEDURE 
TLC is an off-line process in which all the procedural steps, depicted in 
fig 1.1 are carried out independently. The basic TLC procedure involves the 
spotting of sample mixture (5-10 \iL) at about 2 cm above the lower edge of 
the TLC plate, drying the spot (usually at room temperature), development of 
plate with suitable mobile phase to a distance 8-10 cm inside a cylindrical or 
rectangular closed chamber by ascending technique, withdrawing plate from 
the developing chamber, drying the plate at room temperature to remove the 
mobile phase, detection of spots on TLC plate using suitable detection reagent, 
measurement of Rp values of the resolved spots and the quantitative estimation 
of the analyte after extraction from the layer with suitable extractant. The 
differential migration of components results due to varying degrees of affinity 
of the components in a mixture for stationary and mobile phases. 
TLC PLATES PREPARATION OR COATING PROCEDURES 
The contemporary trend is of using commercially available prcocalcd 
plates. The manual preparation of layers involves the coating of slurr}' of the 
adsorbent (silica gel, alumina and kieselguhr) on glass, aluminium or plastic 
sheet (20 x 20 or 20 x 10.cm) with the help of TLC applicator. Ihc thickness 
of dried layer for analytical purposes is kept to 0.2 - 0.3 mm. A binder (starch. 
gypsum, dextrin or polyvinyl alcohol) is usually added to layer material to 
provide better adhesion mechanical stability and durability. 
SAMPLE APPLICATION 
Sample application is one of the most important steps in technology of 
TLC. Improperly applied samples result in poor chromatograms. Sample can 
be applied as spot or streak using micropipette, mierosyringe, melting point 
capillaries etc. A number of automatic spotters of varying design are available 
for sample application. Samples are applied on sorbent layer, about 2-3 cm 
above from the lower edge of the TLC plate so that only the sorbent layer 
makes contact with the mobile phase and the sample does not dissolve in the 
mobile phase. The sample should be completely dried before placing the plate 
in the development chamber. 
DEVELOPMENT 
Development in TLC is the process in which the mobile phase moves 
across the sorbent layer to effect separation of the sample substances. 
Ascending development or linear development is the most commonly used 
mode of development in TLC. While performing the development one should 
take care of the angle of development and saturation of chamber apart from 
other factors. 
It has been observed that the angle of development, that is the angle at 
which the plate is supported, affects the rate of development as well as the 
shape? of spots. An angle of 75" is optimum for development. If a desired 
separation is not achieved by simple development then slepw ise. continuous, 
two dimensional, circular and reversed-phase partition development are 
available to achieve the desired separation. 
Sample Preparation 
Relatively pure component Crude Extract 
Sample Purification 
Sample Application 
Spotting/Streaking 
Plate Development 
Drying of Chromatogram 
Zone Detection 
Component Removal 
Documentation and 
Reporting of Results 
Figure 1.1: Scheme of typical thin layer chromatographic process 
Since the work presented in this dissertation is related to the use of soil 
as layer material for TLC analysis of synthetic dyes, it is therelbre worthwhile 
to describe briefly the main features of soil and synthetic dyes. Following 
paragraphs are devoted to summarize important aspects of soil and dyes. 
SOIL 
The term soil is derived from the Latin word 'Solum' which means 
floor. It is a complex composite mass which consists of weathered rock 
material mixed with decomposed organic matter derived from (he remains of 
plants and animals. The minerals present are usually rock fragment and 
secondary minerals (phyllo-sillicates or clay minerals), oxides of I'e. Al and 
Mn and sometimes carbonates usually CaC03. The term 'oxides' includes all 
forms of oxides including hydrous oxides and oxyhydroxides. 
COMPOSITION OF SOIL 
From the physical stand point, soil is composed of solid, liquid and 
gaseous phases in varying proportions. In an ideal soil surface, these 
components are observed in amounts (by volume) as follows. 
(a) Mineral matter - 40% 
(b) Organic matter - 10% 
(c) Soil water - 25% 
(d) Soil air - 25% 
The proportion of these components may vary from time to time and 
from place to place. The inorganic (mineral) material in soil is relatively fixed 
but the organic matter may vary depending upon the location of the collection 
of the soil sample. The relative proportion of these four components greatly 
influence the behaviour of soif 
(a) MINERAL MATTER 
Mineral particles are formed from disintegration of rock by physical and 
chemical weathering processes. They are of variable si/e. I he size and 
grouping of various particle alTccl liic dilTcrcnl characlcrislics of soil. Ihc 
smallest class of mineral particles is clay (< 0.002 mm), which adhere together 
to form a sticky mass when wet and hard clod when dry. An important 
characteristic of clay is that it bears negative charge, on this account it is 
capable to attract and bind positively charged particles or cations like 
potassium, magnesium and calcium.'These bound cations being exchangeable 
are replaced by other cations like hydrogen and ammonium ions. When these 
cations are released they are firmly held by the clay panicles, and are not 
easily leached by the rain-water. Therefore, they are an important source of 
mineral nutrition for plants. Clay may be classified into: 
(i) Kaolinite (1:1 silicate clays) 
(ii) Monlmorillonite (expanding 2:1 silicate clays) 
(iii) Non-expanding (2:1 silicate clays) 
(a) lllite 
(b) Chlorite 
(iv) Amorphous clays 
(i) KAOLINITE (1:1 silicate clays) 
'fhe name 'Kaolinite^ was first suggested by 'Johnson and Blake' in 
1867. A unit of kaolinite crystal lattice consists of one sheet of silica and 
one sheet of alumina and hence called 1:1 layer silicate. Ihe structural 
formula of kaolinite is (0H)8 Al4Si40|o. It has a low specific surface and a 
low cation exchange capacity that varies from 3-15 meq/100 g clay 
(ii) MONTMORILLONITE (expanding 2:1 silicate clays) 
This type of clay was first studied by Le Chatellier and has been 
assigned the formula (Oll)4Al4SixO20. Ihe structure of monlmorillonile is 
composed of simple octahedral sheet of alumina sandwiched between two 
silica sheets. Interlayer expansion occurs when water enters the inter laver 
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spaces in relatively dry clay, forcing the layers apart. It possesses high 
cation exchange capacity which varies from 80-120 meq/lOO g clay. 
(iii) NON-EXPANDING (2:1 silicate clay) 
{2L)ILLITE: The name 'illite" was proposed by Grim in 1937 for the mica 
like minerals with a lOA" C-axis which shows no expansion in the 
presence of water. The size of the unit cell is lOA". Isomorphic 
substitution is possible within the lattice resulting in a wide variation in 
composition. The cation exchange capacity of illites varies from 20 to 
40 meq/lOO gclay. 
Kaolinite, montmorillonite and illite strongly absorbs organic cations 
(22-24). 
(h)CHLORITE: The structure of "clilorile" was given b\ Donahue. In 
most chlorite clays, a magnesium - dominated trioclahcdral hydroxide 
sheet is sandwiched in between adjacent 2:1 layers. Chlorilcs do not 
swell when wet with water. The cation exchange capacity of chlorite is 
very low and varies from 10-14 mcq/100 g clay. 
(iv) AMORPHOUS CLAYS 
Amorphous clays are mixtures of silica and alumina that have not 
formed well oriented crystals; they lack cr\stallinit>. Amorphous cla>s arc 
common in soil forming volcanic ash. Amorphous cla>s arc not well 
characterized but do exist in many soil in varying amounts. I heir properties 
are often quite unusual, such as having high positive charges (high anion 
exchange capacities) or even high cation exchange capacit>. 
(b) SOIL ORGANIC MATTER (SOM) 
It comprises an accumulation of partially disintegrated and decomposed 
plant and animal remains and other organic compounds synthesized b> the 
soil microbes. The organic matter content of soil is general!) found in 
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smaller quantities that is 1-5% by weight in a lop soil and decreases with 
depth. In addition to nitrogen, organic matter contains high amount of 
carbon and lesser amount of hydrogen, oxygen and other elements. Organic 
matter and clay minerals are the two important components which are 
responsible for ion exchange property [25, 261. SOM is composed ol'(i) 
non humic and (ii) humic substances. 
(i) NON-HUMIC SUBSTANCES 
These are unaltered remains of plant and animal tissues as well as 
organic compounds (20-30%) that have definite characteristics in the soil. 
Non-humie substances are less complex and less resistant to microbial 
attack than those of humic group. They are polysaccaridcs. ha\iiig general 
formula of Cn(H20) m, where n and m are variable. 
(ii) HUMIC SUBSTANCES 
The humic substances constitute about 60-80% of the soil organic 
matter. They are characterized by aromatic ring type structures that include 
polyphenols and polyquinones. Humic substances includes transformed 
products bearing little or no resemblance to the anatomical structure from 
which they are derived. The humic substances can further be subdivided 
into following subgroups according to their solubility in alkaline and acidic 
media. 
(a) HUMIC ACID: It is soluble in alkalies and insoluble in acids 
(b) FULVICACID: It is soluble in both alkalies and acids. 
(c) HUMIN: It is insoluble in both alkalies and acids. 
Accumulation patterns of humic and fulvic acid fractions have been 
studied by various workers (Kilham and Alexander, 1984; Goh et al. 1976) 
to how that the humic acid gets, accumulated principally in the surface 
immediately below the surface horizon while fulvic acid fraction extends 
too much to lower depth and is hardly precipitated in soil. 
(c) SOIL WATER 
It is an important component of soil. It ma\ occupx pore spaces not 
occupied by gases. Soil water acts as a medium where nutrients from tlie 
minerals and decaying organic matter are released and made a\ailable lo 
plant roots and other organisms. The soil water content varies with soil 
texture and ranges from 5.1 to II .9%. 
(c) SOIL AIR 
The gaseous phase is soil air, which is dynamic and varies significantly, 
from place to place within a given area. It may occup) pores or spaces 
between many particles in soil which include nitrogen, oxygen and carbon 
dioxide etc. The soil air contains much greater proportion of carbondioxide 
and lesser amount of oxygen than atmospheric air, this is due to the 
respiratory activity of soil microbes. 
PHYSICO - CHEMICAL PROPERTIES OF SOIL 
The knowledge of physico - chemical properties of soil is important in 
understanding soil behaviour. It includes the distribution of mechanical 
composition such as (sand, silt and clay), soil pH, electrical conductivity, 
cation exchange capacity and exchangeable cation etc. 
MECHANICAL COMPOSITION 
The first information required about soil is its mechanical composition. 
The mechanical composition or texture means the distribution of particle of 
various sizes such as gravel (>2 mm), sand (0.02 - 2 mm), silt (0.002 -
0.02 mm) and clay (<0.002 mm) in soil. The particle si/.e distribution in 
soil influences its physical, chemical and biological properties and also 
influences its water holding capacity and water supply to plants. It also 
influences the strength and compressibility of soil. 
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SOIL pH 
pH is defined as the - log [H^]. It gives an idea about the acidic, neutral 
or. basic nature of the soil. Soil pll greatly alTects the solubility of minerals. 
Strong acidic soils (pH 4-5) usually have high concentration of soluble 
aluminium and manganese salts. The best growth for the largest variety of 
plants takes place within a pll range 6.0 lo 7.0 (slightly acidic lo neutral). 
Some plant species can survive in an alkaline while other may prefer in 
acidic soil environment., 
ELECTRICAL CONDUCTIVITY (EC) 
It gives an idea about the soluble salt content in soil. Soil salinity scale 
is based on electrical conductance of the soil extract. The soil salinity is due 
to the presence of NaCl and Na2S04 as soluble salts in soil, for saline soil, 
the sah level is more than 0.3% or E;C. > 4.0 m mhos cm"'. 
Higher sodium salt level negatively affect plant growth and soil 
microorganisms. E.C. of the irrigation water may vary from 0.1 - 0.7 m 
mhos cm'' or below. 
EXCHANGEABLE CATIONS 
The important exchangeable cations, present in soil are Ca- . M g ' . N a , 
K' , NII4' and.H* ions. Cation exchange in soils is of great importance as it 
can alter the availability of several micronutrients [27]. A study of cation 
exchange in soil gives "an idea about the capability of the soil lo store |28| 
and supply [29] the nutrient elements to plants. 
CATION EXCHANGE CAPACITY (CEC) 
CEC is the amount of exchangeable cations per unit mass of dry soil. It 
is also defined as the capacity of the soil to combine with cations in such a 
manner that they cannot be easily removed by simple leaching with water, 
but can readily be exchanged by an equivalent amount of other cations, fhe 
CEC of the soil varies from the nature and extent of clay minerals and soil 
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organic matter contents. Soil rich in montmorillonile clay posses high CEC, 
while those having kaolinite as the predominant clay minerals, have low 
exchange capacity. 
SOIL THIN LAYER CHROMATOGRAPHY 
In 1968, Helling and Turner coupled favourable Tcalurcs oj I'LC and 
soil and developed a new technique known as soil TLC and successfully 
utilized for the monitoring of pesticides movement using different types of 
soil as static phase. Many other workers had also utilized soil TLC for the 
investigation of the mobility of pesticides, trace elements, heavy metal 
cations and amino acids. Thus soil TLC provides a very fascinating area for 
understanding the transportation of organic and inorganic substances 
through soil static phase to plant roots. 
Thin layer of soil is prepared by spreading a uniform film (0.15 mm -
2.0 mm) of soil slurry onto glass plates with the help of an applicator and 
allowing it to dry at room temperature (30"C). fhe analyte under 
investigation is spotted above 2 cm from the bottom of the plate. The plates 
were covered by the filter paper up to 1.5 cm, soaked in the mobile phase to 
avoid the disintegration of soil as soon as it comes in contact with the 
mobile phase. Plates were developed to a distance of 1V cm starling from 
the point of spotted sample. After development, the plalcs arc removed 
from jars, dried and the samples are detected by, spraying suitable 
chromogenic reagents as detectors. 
The movement of the compound through the soil layer is measured in 
terms of R| value called "Retanhilion Factor" which c;iii be calcukitcd as: 
Rh Distance traveled bv solute from the point oiapplication 
Distance traveled by solvent from the line ol sample application 
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CHROMATOGRAPHIC SYSTEIVIS 
Chromatographic system comprises of slationar) phase and 
mobile phase. Proper selection of stationary and mobile phases decides the 
degree to which effective separations of components from a mixture can be 
achieved. 
STATIONARY PHASE (Adsorbent) 
A large number of sorbents are available for use as stationary phase in 
ri.C. A good adsorbent should possess the following eharaclerislics: 
1. rhc adsorbent should be chemically inert. 
2. rhe adsorbent should be colourless. 
3. The adsorbent should be insoluble in the solvent to be used. 
4. It should be non-catalytic i.e should not catalyze the decomposition of the 
substances. 
5. The chemical and physical properties of the adsorbent should not change 
under the experimental conditions. 
Some commonly used sorbents are silica gel, alumina, cellulose, 
kieselguhr and soil. The various type of sorbent layers presently in use may be 
clubbed together as follows:. 
(a) NON-SURFACE MODIFIED LAYERS OR UNTREATED 
SORBENTS 
. The sorbent phases used in the non-modified form include silica gel G, H 
or LS; acidic and neutral alumina; cellulose; polyacrylonitrile; soil etc. 
(b) IMPREGNATED OR TREATED SORBENTS 
in order to achieve improved selectivity, several workers attempted to 
use the above mentioned layer materials in (a) after impregnation to a definite 
degree with buffers, metal ions, chelating'agents or high molecular weight 
organic liquids. Some of the important impregnants include aqueous inorganic 
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sail solutions, high molecular weight amines or phosphate;-, ehelating agents 
(IvI) TA), organic dyes and surfactants. 
(c) CHEMICALLY MODIFIED OR BONDED SORBENTS 
The impregnated layers mentioned in (b) have been Ibiind lo sulTer from 
following limitations. 
(i) the impregnates are eluted to some e.xlenl b\ the mobile phases used, 
(ii) the stripping of liquid stationary phase IVom the support b\ 
incompatible mobile phases. 
To overcome these problems, chemically bonded la>cr materials of 
similar properties were developed for safer use as stalionar\ phase. Some of 
the examples are: lipophilic Cis bonded silica gel phases, aminopropyl silica 
gel (NH2), surface modified cellulose. 
(d) INORGANIC ION - EXCHANGERS 
Apart from silica and alumina, other inorganic ion exchangers e.g. 
stannic sulfosal icy late, hydrous antimony (V) oxide layers and tin (IV) 
arsenosilicate etc. have also found use in TLC. 
(e) MIXED SORBENTS 
Mixed layers (impregnated and non - impregnated) have been used by 
several workers for achieving enhanced resolution of components. Mixed 
layers are usually of medium activity as compared lo the separated phases. 
The addition of kieselguhr or soil in siJica generally reduces the activity of 
silica, resulting in a new sorbent layer with altered activity that is capable of 
providing peculiar separations, not possible on separated phases. 
(f) MISCELLANEOUS SORBENTS 
These materials include silufol; silufol UV 254; silufol with a layer of 
silica gel; soil; soil- flyash; soil treated with neutral, alkaline and saline 
solutions; soil mixed with silica gel and kieselguhr etc. In the present study wc 
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have assessed the chromatographic performance olsoil and mixed soil silica 
gel layers as sorbents. 
MOBILE PHASE (solvent system) 
Mobile phase should be as simple as possible and can be prepared IVom 
the purest grade of the solvent available. Mixtures composed ol" more than 
three or four components should be avoided because of problems associaled 
with reproducible preparation. Care must be taken to mix the constituents 
thoroughly before use. With a particular sorbent laser, the separation 
possibility of a complex mixture is greatly improved by the proper selection of 
mobile phase. The mixture of organic solvents containing some aqueous acid, 
base or a buffer are in general, well suited for the separation of ionic species 
whereas anhydrous organic solvents and water containing mobile phases are 
more useful for separating non-ionic species. The following mobile phases 
have been used as developers. 
(a)ORGANIC SOLVENTS 
The single component mobile phase including acetone, acetonitrilc. 
benzene, carbontetrachloride, chloroform, dioxane. ethanol. ethylacctate. 
methanol, o-xylene, petroleum ether, toluene, n-octanol, n-nonane. 
cyclohexane and binary/ternary mixtures of alcohols, amines, ketones, phenols 
and haloalkanes have been used. 
(b) INORGANIC SOLVENTS 
This group includes the solution of mineral acids, alkalies and inorganic 
salts prepared in double distilled water, lieing non-loxic and non-volalilc. 
solvent systems'of this group have been widely used in II .C. 
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(c) MIXED SOLVENTS 
Mixtures of two or more different solvents, most of which have cither a base 
(NaOH. NH4OH and amine) or an acid (mineral or carboxylic) as a 
component, are used to develop the TLC plate. 
(tl) MICELLAR SOLUTIONS 
Solutions of surfactants (SDS, C'lAB or Iriton X-lOO) have been 
recently used but to a lesser extent as mobile phase in fLC. 
The traditional mobile phase systems as mentioned above (a-c) have been 
widely used in TLC analysis of organic as well as inorganic substances. 
However, the use of surfactant - mediated mobile phase systems in flX' is of 
recent origin. 
SURFACTANT - MEDIATED TLC SYSTEMS 
Since the work presented in this dissertation is related to the use of 
surfactant - mediated mobile phase systems, it is worthwhile to describe 
briefly the behaviour of surfactants in aqueous medium, fhc following 
paragraphs are devoted to highlight the utility of surfactants as eluents in 
chromatography. 
Surfactant - mediated system contains surfactant as one ol" the 
components of mobile phase. Surfactant in the aqueous mobile phase can be 
used in the following ways: 
(a) As monomer surfactants where the concentration of surfactant in 
aqueous mobile phase is restricted to well below the critical micelle 
concentration (CMC) of the surfactant. I hesc mobile phases are most 
suited to separate ionic species by ion-pair chromatography (IPC). 
m 
(b) As surfactant micelles where the surfactant concentration is kept well 
above its CMC value. In such cases, the mobile phase is composed of 
surfactant molecules in the form of monomers and aggregates (or 
micelles). These mobile phases arc very useful lor simultaneous 
separation of ionic and non-ionic compounds by micellar liquid 
chromatography (MLC). 
(c) As microemulsion where surfactant in the presence of water, an oil 
(hydrocarbon) and co-surfactant (i.e. medium chain length amine or 
alcohol) is used as transparent solution. 
Surfactants are long chain amphiphilic organic or organometallic 
molecules containing a highly polar (hydrophilic or lipophobic) or "ionic head 
group" attached to a non-polar (hydrophobic or lipophilic) hydrocarbon tail of 
varying chain lengths. The "head group" is either cationic (e.g. ammonium or 
pyridinium ion), anionic (e.g. hydroxy compounds) or zwittcrionic (e.g. amine 
oxide, carboxylate or sulphonate betain) whereas the tail is hydrophobic and 
eontain atleast 8 carbon atoms. Depending upon the nature of hydrophilic 
group, surfactant can be classified as anionic [R-X'M^], cationic [R-
N'(CH3)3X-], zwittcrionic [R-(CH3)2 N^CH, X"] and nonionic |R 
(OCH2CH2)]n, OH, where R is a long aliphatic hydrocarbon chain, M' is a 
metal ion, X' is a halogen, COO' or S04 "^ and m is an integer. A list of some 
common surfactants is provided in Table 1.2. 
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MICELLES 
Surfactant (or amphiphilic) molecules comprising of hydrophobic and 
hydr(j>philic moieties tend to exhibit a considerable degree of self-organization 
when! dissolved in aqueous solutions. Above a certain concentration level, termed 
as critical micelle concentration (CMC), the surfactant molecules in solutions 
(water or organic solvents) aggregate to form micelles. The process of micelle 
formation is called "micellization". Micelles do not exist at all concentrations and 
temperatures. There is a very small concentration range below which aggregation 
to miceJJes is absent and above which association leads to micelle formation. This 
narrow concentration range during which micelle formation occurs is called the 
CMC. At low concentration i.e. below CMC and at temp above the CMC (e.g. 
kraft temperature), the surfactant is dispersed in the aqueous media at the 
molecular level as a monomer. The average number of monomer per micelle is 
called aggregation number (N). At 25 "C and 1 atmospheric pressure, the CMC is 
typically less than 20m M, with each micelle consisting of 40-140 monomers. A 
conventional model of micelle is that proposed by Hartly (Fig. 1.2) which is very 
useful for visualization of a micelle. The various structures formed in aqueous 
solution on increasing the concentration of surfactant are illustrated in Fig. 
1.3.There are mainly two types of micelles. 
(a) NORMAL MICELLES 
The molecular organization of surfactant molecules in aqueous solution 
results in the formation of normal micelles. Above CMC, the surfactant 
molecules are self aggregated in such a manner that the hydrophobic moieties 
(i.e. hydrocarbon tails) are oriented inward forming a non-polar core and 
hydrophilic (polar) head groups are outward keeping themselves in contact 
with the bulk aqueous phase. Normal aqueous micelles are generally formed 
from singly-chain surfactants and chain branching inhibits micellization. 
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/ ^ " Hydrocorbon 
-"I-""—""-T* interior 
Aqueous 
exterior 
Gouy - Chopmon 
layer 
Stern layer 
Fig 1.2: Hartley's model of a spherical micelle 
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Zo 
SURFACTANT 
CRYSTAL 
'MONOMERS 
^w 0^ 
MICELLE CYLINDRICAL 
MICELLE 
( RANDOMLY ORIENTED ) 
HEXAGONAL 
^•PACKING OF CYLINDERS 
I O - 3 5 ' A WATER 
Tmmjm 
L A M E L L A R MICELLE 
MICROEMULSION 
HEXAGONAL PACKING OF 
WATER CYLINDER 
Fig 1.3: A schematic illustration for the formation of various structures in 
surfactant solutions upon increasing the concentration of surfactant 
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(b) REVERSE MICELLES 
In contrast to the normal micelles which are formed in polar (i.e. aqueous 
media) solvents, reverse micelles are formed in non-polar solvents like hexane 
or chloroform and a trace of water where the polar head groups of the 
surfactant are directed towards the interior of the aggregate and the 
hydrocarbon chains are in contact with the non-polar solvent. Reverse micelles 
offer the same potential advantages for analysis as do normal micelles. An 
interesting aspect of reverse micelles is their capability to solubilize water in 
the interior of micelle structure. 
The use of micellar solutions as mobile phase in TLC was first suggested 
by Armstrong et al. [30,31] who described the possible advantages of micellar 
mobile phase (MMP) systems over traditional pure and mixed solvent 
systems. Using aqueous SDS solutions in combination with polyamide and 
alumina thin layers they successfully separated pesticides and the pollutant 
decachlorobiphenyl by normal phase TLC. However, nucleosides could be 
separated by reversed phase TLC using a reversed micelle solution as mobile 
phase. Miceller TLC have found interesting applications in the separation of 
substituted benzoic acids, polynuclear aromatic hydrocarbons and vitamins 
[32]; phenols [33,34]; amino acids [35-37]; alkaloids [38]'; dyes [33, 38-40]; 
aromatic amines [41]; drugs [42] and inorganics [43,44]. The separation with 
MMP is based on selective dissolution of polar and non polar substances as a 
result of combined effect of electrostatic, hydrophobic and donor-acceptor 
interactions. 
From the above discussion it looks that micellar mobile phases have 
much to offer to physical, biochemical and analytical chemists. It is also 
perceived that TLC has more to offer to the study of micelles than MMP have 
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to offer to chemical analysis performed by TLC. This aspect of miceilar TLC 
will be a rewarding field for future, research. 
VISUALIZATION 
The methods of visualization (detection) used in TLC are of three major 
types (i) physical (ii) chemical and (iii) enzymatic or biological. A book by 
Jork et al. [45] is an excellent source of general information about physical 
and chemical methods of detection. Physical methods of detection involve the 
use of spectroscopy (autoradiography), X-ray fluorescence and UV radiation 
etc. Among physical methods, visualization under UV light is most common. 
The chemical detection methods involve the spraying of plates with a suitable 
reagent, which forms coloured compounds with the separated species. In some 
cases, the detection is completed by inspecting the TLC plate after spraying 
with a suitable reagent under UV-light. Both selective and non-selective 
reagents may be used depending upon the requirement. However, reagents 
giving sufficiently sensitive colour reactions with several species are generally 
preferred. Nanda and Devi have reported an enzymatic method [46] for the 
detection of heavy metals in fresh water. Nicolaus and Coronalli [471 have 
reported a micro biological method, called bioautography for the detection of 
antibiotics on TLC plates using triphenyltetrazolium chloride and a micro-
organism that is sensitive to the antibiotic to be detected. Similarly, to detect 
antifungal compounds by TLC, inhibition of fungal growth was assessed by 
the detection of dehydrogenase activity with thiazolyl blue. In addition to 
these techniques, enzyme inhibition, immunostaining and tlame ionization 
detection methods have also been used. 
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QUALITATIVE ANALYSIS 
(a) IDENTIFICATION 
In TLC the identification of separated compounds is primarily based on 
their mobility in a suitable solvent, which is described by the Ri values of each 
compound, where 
Ri= Distance of solute motion from the orJRin 
Distance of solvent motion from the origin 
The factors which influence the magnitude of R| are nature of sorbent and 
mobile phases, layer thickness, activation temperature, sample volume, chamber 
saturation, relative humidity and mode of development technique. Another term 
RM which is the logarithmic function of the R|. value [i.e. RM = log (1/R|-1)] is 
more useful as it bears a linear relationship to some TLC parameters or structural 
element of the analyte. 
Rp value varies from 0.0 for a zone not leaving the point of application to 
0.999 (»1.0) for zone migrates with solvent front. 
(b) SEPARATION 
When two or more analytes have differential migration with the same 
chromatographic system, they are mixed thoroughly, the resultant mixture is 
spotted on the TLC plate and chromatographed. The separated components of 
mixture are detected and their R|. values are recorded. Some of the basic 
requirements for a good separation are: 
(i) Each spot should be compact (Rj, - R| < 0.3) 
(ii) The difference in Rp values of two adjacent spots should be at least 0.1 
(iii) No complexation should occur between/among separable species 
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(iv) Chromatography of individuals and the mixture should be performed 
under identical experimental conditions. 
QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include (a) visual 
estimation spot - size measurement (b) zone elution and (c) in-sitii densitometry, 
(a) VISUAL ESTIMATION AND SPOT - SIZE 
MEASUREMENTS 
This is the simplest method of semiquantitative analysis. TLC plates with a 
definite sample aliquot alongside standards containing known weights of analyte 
are simultaneously developed. After detection, the weight of analyte in the sample 
is estimated by visual comparison of the size and intensity of the standards and 
sample zones. The visual comparison works well if the applied amounts of 
sample are kept close to the detection limit and the sample is accurately bracketed 
with standards. The accuracy and reproducibility of this method falls in the range 
of 10-30%. 
To standardize the quantification methods in TLC, Mohammad and Fatima 
[48] Mohammad and Tiwari [49], Nanda and Devi [50] and Mlodzikowski [51] 
have established a linear relationship between the size of the spot and the amount 
of the analyte. 
(b) ZONE ELUTION 
In this case, quantitation is performed after scraping off the separated 
analyte zone, collection of the sorbent and recovery of the substance by elution 
from the sorbent. Thereafter, the eluates are analyzed by applying available 
physico - chemical methods of microanalysis. 
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(c) INSITU METHOD 
In-situ densitometry is a preferred technique for quantitative TLC 
involving the measurement of visible or ultraviolet absorbance, fluorescence or 
fluorescence quenching directly on the layer. The measurements are made either 
by transmission, reflection or the reflection and transmission simultaneously 
using scanning densitometer. Modem optical densitometric scanners are linked to 
computer and are capable for automated peak location, multiple wavelength 
scanning and spectral comparison of fractions in several operating mode^ 
(reflectance, absorption, transmission, fluorescence etc.). 
Since work presented in the dissertation involves the analysis of synthetic 
dyes and hence certain features of dyes are discussed below. 
DYES 
Dyes are substances capable of colouring fabrics in such a manner that the 
colour cannot be removed by rubbing or washing. In ancient time, people used 
natural dyes, obtained from animal and vegetable sources to dye their clothes. For 
e.g. Turkey red or alizarin from the roots of madder plant, indigo (a blue dye) 
from the leaves of indigoid plant, and a yellow dye saffron from the dried flowers 
of the colour thistle. The first synthetic dye commonly known as "Mauve" was 
prepared by W.H. Perkin in 1956. 
29 
CLASSIFICATION OF DYES 
Dyes can be classified on the basis of (a) mode of application and (b) 
chemical constitution. Classification of dyes based on chemical constitution is 
listed in Table 1.2. 
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Dyes are used as colouring source of a large number of materials such as 
textiles, paper, food-stuffs, polymers, cosmetics, drugs, printing inks, lacquers, 
oils, paints and soaps. Apart from their obvious use as colouring agents, dyes are 
often used to determine surface area and cation exchange capacity of oxides and 
clays [52-54]. Other organic molecules have also been used for these purposes 
[55], but the ease of determining dye concentrations via spectrophotometry makes 
their use more common. 
The worldwide high level production and extensive use of dyes generates 
coloured wastewaters which cause enviommental pollution. They decrease the 
life period of aquatic biota by disturbing metabolic activity [56], reduces the 
penetration of sunlight which effects the photosynthetic activity of aquatic plants 
[57]. If they enter soil, they even reduce the germination of seeds and growth of 
crop plants [58]. Further the cation exchange capacity (CEC) of soil has been 
found to decrease linearly with the amount of safranin and toludine blue in the 
clay [59]. 
Thus in order to understand the mobility of various dyes through soil static 
bed, soil TLC was used as an analytical tool. Being new analytical method, soil 
TLC is currently receiving popularity among users of dyestuff and chemical 
examiner's in custom laboratories. 
Inspite of the fact that several polyaromatic dyes are strongly adsorbed on 
silica faces of kaolinite [60], no work on soil TLC has been reported on aromatic 
dyes. The present report is probably the first attempt in this direction. Our studies 
on soil TLC of dyes provide understanding of mobility of dyes through soil or 
soil containing silica gel. 
33 
ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic method. It is rapid 
because precoated layers are available for use as received, without preparation. It 
has highest sample through put, because upto 30 individual samples and standards 
can be applied to a single plate and separated at the same time. The automated 
sample applications and developers allow high accuracy and precision in 
quantification. There is a wide choice of layers, developers and detection 
methods. Being an "offline" method, different steps of the procedure are carried 
out independently. 
PLAN OF WORK 
1. Investigation of mobility pattern of synthetic dyes through natural 
soil aftd soil-silica mixture using surfactant mediated mobile phase 
systems. 
2. Optimization of experimental conditions. 
3. Identification and separation of synthetic dyes on different soil 
containing stationary phases. 
4. Examination of mutual effects of dyes and trace metals on 
transportation through soil containing static phases. 
5. Use of surfactant mediated mobile phase systems in Reversed-phase 
TLC of synthetic dyes on soil-silica gel mixed layers. 
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LITERATURE 
Hand book of thin layer chromatography published in 1992, 1996 and 2003 
under the editorship of B. Fried and / Sherma have nicely covered the literature 
of TLC. The work published on TLC of dyes during the last 16 years in presented 
briefly in Table 1.3. 
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INTRODUCTION 
The simplicity, cost effectiveness and versatility of thin layer 
chromatography (TLC) have resulted in its wide range of applicability in 
separation and identification of agrochemicals [1, 2], amino acids [3-6] and 
synthetic dyes [7-12]. Most of the reported TLC methods for the analysis of dyes 
involve the use of mixed organic solvent systems containing methanol, acetone, 
ethanol, butanol, ethyl acetate and hexane as one of the components whereas little 
work has been reported on the use of micellar mobile phases [13-15]. Of the layer 
materials used, silica gel [16-18] has been most favoured. However, some work 
has also been reported on the use of aluminum [19], cellulose [20] and mixed 
sorbent phases [21,22]. 
A new concept for qualitative analysis by soil TLC was developed by 
Helling and Turner in 1968 [23]. Their method was utilized by several workers to 
examine the mobility pattern of pesticides [24-27] and heavy metals [28-30] on 
soil layers of various types. 
TLC method reported so far for investigating the mobility of dyes did not 
consider the effect of presence of silica in soil bed on the mobility of dyes. The 
present study was taken up with the aim of understanding the mobility of some 
dyes through soil bed amended with silica using surfactant mediated solvents as 
mobile phases. Present study is useful to assess the translocation of common dyes 
through soil static phase in the presence of silica on one hand as well as in the 
presence of surfactants on the other hand. 
EXPERIMENTAL 
All experiments were performed at 30 ± 2 "C 
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APPARATUS 
A TLC applicator (Toshniwal, India), 20 x 3.5 cm glass plates and 24 x 6 
cm glass jars were used. 
REAGENTS 
Silica gel G, acetic acid and ethyl acetate (Merck, India); sodium dodecyl 
sulphate, SDS (BDH, India); N-cetyl-N, N, N-trimethyl ammonium bromide 
(CTAB),TX-100, sodium formate and sodium acetate (CDH, India); butanol 
(Qualigens, India); and formic acid (Qualikems, India) were used. Ail reagents 
were of Analytical Reagent grade. 
DYES STUDIED 
Dyes Code Structure 
Bromocresol green 
Xylenol orange 
Aluminone 
Alizarin Red S 
B 
D 
*NaOOC 
OH COONa* 
COONa 
••NaOOC,^ 
O H - / ^ - C 
NaOOC 
COONa* 
OH 
SO3H 
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l-(2-Pyridylazo)-2-
napthol (PAN). 
Pyrocatechol violet 
o - s -
Bromopyrogallol red 
Ammonium Purpurate H 
H—N 
Thorin 
Uromocresol Purple 
d "o 
,ONa* 
SOJ Na-^  
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Methyl red K COOH 
/ Q V N - N ^ Q V N (CH3)2 
Congo red ,_^^^ /^^ „_ 
SO3 Na+ SO3 Na* 
Malochite green M N (CH3)2 6 
*H (CH3)2Cr 
Brilliant green N 
(CH3)2l r\ N*(CH3)2 
HsC2-N+-(CH3)2 
Patent blue V O N (C2H5)2 6 
j : — \ _ y = N ^ (C2H5)2CI 
OH I 
S03H 
Saflranine 
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Crystal violet 
Metanil yellow R SOaNaJ /A N N—(^ / ) — N l-/~\ 
Methylene blue 
(CH3)2N N (CH3)2 
Light green 
NaOa: 
<y-r<:/ 
C2H5 •^SOjI^o 
Methylthymol blue 
sodium salt 
V C37 H40 N2 Na4 Oi3 S 
All the dyes were of Analytical Reagent grade purchased from BDH, CDH, 
Qualigens and Merck India. 
TEST SOLUTIONS 
Test solutions (0.2%) of xylenol orange, ammonium purpurate and methylthymol 
blue sodium salt were prepared in a mixture of water and ethanol (1:1, v/v) whereas 
solutions of (0.1%) of PAN and methyl red where prepared in ethanol and water 
respectively. All other dyes were used as (0.1%) solution in water plus ethanol in 
I: I ratio by volume. 
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.2+ j2+ xTi2+ .2+ 2+ .3+ 2+ 3+ 2+ For metal ions iZn'\Cd'\ N''\ Co'\ ¥Q'\ Fe'\ Pb'\ Cu'\ Cr", Cr"', Mn"^ " and 
Mo '^) 1% standard solutions of their chloride, nitrate or sulphate salts were 
prepared. 
DETECTORS 
Metal ions were detected by general chromogenic reagents, whereas dyes 
were detected visually according to their original colour. 
STATIONARY PHASES 
Stationary phase 
Soil 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Soil + Silica gel 
Silica gel 
Code 
s, 
S2 
S3 
S4 
S5 
S6 . 
S7 
S8 
s., 
.S|o 
Su 
S12 
Composition (w/w) 
Pure soil 
90+ 10 
80 + 20 
70 + 30 
60 + 40 
50 + 50 
40 + 60 
30 + 70 
20 + 80 
10 + 90 
5 + 95 
Pure silica gel 
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MOBILE PHASES 
Code 
M, 
M2 
M3 
M4 
Ms 
M6 
M7 
Ms 
M9 
Mio 
Mn 
M,2 
Mn 
Composhion " w _ . 1 
Water -=^ .^^  r ' 
TX100(0.001 M) 
1X100(0.00001 M) 
SDS (0.081 M) 
SDS (0.00081 M) 
CTAB (0.009 M) 
CTAB (0.00009 M) 
TX100 (0.001 M)+ 1 M I'ormic acid (8:2) 
TXlOO (0.001 M) + 1 M Acetic acid (8:2) 
TX 100 (0.001 M) + 1 M Sodium acetate (8:2) 
TXlOO (0.001 M) + 1 M Sodium formate (8:2) 
TXlOO (0.001 M) + 1 M Butanol (8:2) 
TXlOO (0.001 M) + 1 M Ethyl acetate (8:2) 
PREPARATION OF TLC PLATES 
PLAIN THIN^ LAYER PLATE 
The plates were prepared by mixing silica gel G with double distilled water 
in 1:3 ratio with constant shaking until a homogeneous slurry is obtained. The 
slurry was then coated onto glass plates with the help of a TLC applicator to give 
a layer of 0.25 mm thickness. The plates were air dried at room temperature 
(2TC) and then activated by heating for Ih at 100 "C in an electrically heated 
oven. The activated plates were stored in a closed chamber until used. 
SOIL THIN LAYER PLATES 
Soil thin layer plates were prepared by mixing soil in double distilled water 
in 1:3 ratio by continuous shaking for 5 mins. The resultant homogeneous slurry 
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was spread onto 20 x 3.5 cm glass plates as 0.25 mm thick layer. The plates were 
air dried at room temperature. 
MIXED SOIL - SILICA GEL PLA TES 
Silica gel was mixed with soil in different ratios (w/w) and slurry was 
prepared by mixing with double distilled water in 1:3 ratio with continuous 
shaking. Using slurry thin layers were prepared under the same experimental 
condition as shown above. 
PROCEDURE 
The test solutions (aprox. 5 pi) were spotted on TLC plates with the help of 
micropipette about 2 cm above the. lower edge of TLC plates. The spots were 
dried at room temperature before development. The glass jars were presaturated 
for 10 minutes with the mobile phase vapours. The plates were developed with 
chosen solvent systems by ascending technique. The mobile phase was allowed to 
migrate upto 10 cm from starting line. After development, the plates were dried 
and dyes were detected visually. The RL (RF of leading front) and R| (R[ of tailing 
front) values for each spot were determined and Rp values were calculated as: 
_ Ri: + R| 
RF 2 
SEPARATION 
For separation of dyes equal volumes of dyes to be resolved were mixed 
and 5nl of resultant mixture was loaded on TLC plate. The plate was developed 
with mobile phase. The spots were detected and Ri. values of the separated dyes 
were determined. 
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LIMIT OF DETECTION 
The identification limit of thorin, metanil yellow and congo red were 
determined by spotting their different amounts on the TLC plates. The method 
was repeated with successive lowering of the amount of thorin, metanil yellow 
and Congo red, and further were spotted on silica gel mixed with soil TLC plates. 
The plates were developed with mobile phase. After detection the spots were 
copied onto tracing paper from the chromatoplates. 
INTERFERENCE 
For investigating the interference of trace metal cations on the separation of 
coexisting dye (I, R, L) an aliquot (5 jtil) of foreign substance was spotted along 
with the mixture (5 i^l) of dyes 1, R, L and chromatography was performed on 
stationary phase Sn and was developed with mobile phase M13. The spots were 
detected and R|.- value of dyes were determined. 
RESULTS AND DISCUSSION 
During present study following mobile phases were used in order to 
understand the mobility pattern of dyes through silica gel mixed soil layers, 
(i) Water 
(ii) Aqueous solutions of cationic (CTAB), anionic (SDS) and nonionic (TX-
100) surfactants 
(iii) TX-100 mixed with organic modifier solvents 
Our results with these mobile phases indicate the better chromatographic 
performance of aqueous nonionic surfactant (TX-lOO) in the presence of organic 
modifiers as compared to ionic surfactants. 
It was found that TX-lOO mixed with organic modifiers gives better 
performitnce compared to aqueous surfactants as eluents. Therefore it was 
79 
decided to explore the analytical potential of TX-lOO containing mixed aqueous -
organic mobile phase systems in TLC analysis of dyes on silica gel mixed soil 
stationary phase. The results obtained on Si i (soil plus silica'gel, 5 +95 w/w) with 
different mobile phase systems containing TX-lOO are recorded in Table 2.1. 
From this table following trends are apparent. 
(a) Xylenol orange (dye B) andmethylthymol blue (dye U) produced tailed spots 
in all mobile phase systems used. 
(b) Alum'mone (dye C), aUzarin red s (dye D), PAN (dye H), pyrocatecho) violet 
(dye F), bromopyrogallol red (dye G), congo red (dye L), malachite green 
(dye M), brilliant green (dye N), patent blue V (dye O), saffranine (dye P), 
crystal violet (dye Q), methylene blue (dye S), light green (dye T), remain 
very close to the point of application. 
(c) Ammonium purpurate (dye H) moves with the solvent font showing high 
mobility (R|. = 0.9) and thorin (dye I) shows mid R,. (R,. = 0.65). Thus H and 1 
can be separated from other dyes on Si i using Ms as mobile phase. 
(d) Bromocresol green (dye A) shows significant mobility in M9 - Mn and Mn 
but little mobility in M12. However, ammonium purpurate (dye H) and thorin 
(dye I) show high mobilities in all mobile phases (Ms - M13). 
(e) Bromocresol purple (dye J) and methyl red (dye K) show variable mobilities 
depending upon the nature of mobile phase used (M9 - M13). 
Out of these mobile phases, M13 was selected because of higher 
compactness of spots and better separation possibilities of different dyes. In 
order to understand the effect of added silica gel in soil on the mobility and 
detectability of dyes, various stationary phases were prepared by the addition of 
silica gel in soil in different ratios and the resultant stationary phases (82 - Sn) 
along with pure soil (S|) as well as pure silica gel (S,.) were used for the 
chromatography of dyes using Mn as mobile phase. The results listed in Table 
2.2 show the following trends. 
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(a) Increasing the percentage of silica gel in the stationary phase has little 
effect on the mobility of dyes (N, E, B, Q, T, I, H). The detection of dyes such as 
(E, B, T on S| - ST), (N on Si - S2), (Q on S, - S9) was difficult. 
Dyes I and H have very high mobilities on 84 - S12 and Sn - S12 
respectively and hence these can be separated from most of the dyes which 
remain very close to the point of application. The detection of dye (I on Si - S3) 
and (H on S| - Sio) was difficult. 
(b) The mobility of dye K increases with the increase in silica gel content in 
the stationary phase (S7 - Si2), whereas it could not be detected on (Si - Sf,). 
Other dyes (U, P, M, O and L) remain very close to the point of application 
irrespective of the proportional concentration of silica gel in soil. The detection of 
dyes such as (P, U, L on Si - S7) and (M on Si - S2) was difficult. 
(c) The mobility of dyes G and D was slightly higher on Si 1 (soil: silica, 5:95) 
compared to their mobilities on other stationary phases. The detection of dyes (G 
on Si - Se) and (D on S| - S2) was difficult. 
Dyes A, R and J show no definite trend of mobilities with increasing 
content of silica gel in the stationary phase as shown in Figure 2.1. 
Separations achieved on different stationary phases (Ss - S| 1) using mobile 
phase Mi3 are listed in Table 2.4. Both binary and ternary separations were 
achieved' Soil used in combination with silica influences the mobility as well as 
the detection clarity of dyes. As evident from Tables 2.3 and 2.4, binary 
separations were achieved on almost all mixed silica gel - soil layers, whereas 
ternary separations (Fig. 2.2) were only achieved on Sn (Soil + Silica gel, 5 + 95) 
and S12 (pure silica gel). Since better results in terms of spot compactness and 
detection clarity were obtained on Sn layer, hence the separation of I, R and L 
from their mixtures was examined on Sn using M13 as mobile phase. The 
separation of dye I, R and L is important because they belong to the same group 
(i.e. azo group of dyes). 
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Metallic impurities are generally encountered with dyes in certain 
industries. Hence, we investigated the effect of metallic cations on the separation 
of dyes I, R and L. The result presented in Table 2.5 show that the separation is 
always possible in the presence of metal cations. The Ri values of dyes I and L 
remain almost unaffected whereas Ri value of dye R flu:tuates in the range 0.28 
- 0.50 depending upon the nature of cationic impurity present in the sample. 
The mobilities of metal cations were also studied in the presence and 
absence of dyes (I, R and L). As evident from Table 2.6, the mobility pattern of 
all metal cations except Cu^ ,^ Zn^ ^ and Mo^ '^  remains unaltered by the presence of 
dyes in the sample. The mobility of Cu^ * significantly increases from 0.14 (in the 
absence of dye I, R or L) to 0.33 and 0.37 in the presence of dyes 1 and L 
respectively. Conversely, the mobility of Mo'''^  decreases from 0.96 (in the 
absence of dye I, R or L) to 0.09 and 0.10 in the presence of dyes I and L 
respectively. The mobility of Zn^ ^ decreases from 0.36 (in the absence of dye I, R 
or L) to 0.08 (in the presence of dye R). These, observations clearly indicate the 
detrimental effect of dyes on the mobility of metal cations. This effect depends 
upon the nature of the metal cations. It appears that the complexation between 
metal ions and dyes results in the alteration of mobility of metal ions. The lowest 
possible detectable nanogram amounts of dyes on Sn (soil + silica, 5 + 95) layer 
were I (15.0), R (30.0) and L (15.0) respectively. 
It indicates that the proposed procedure can be used as highly sensitive 
method for on plate identification of dyes at nanogram level. 
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Table 2.1: Mobility (Rp value) of dyes on single stationary phase (Sn) using 
different mobile phases (Mg ~ Mta) 
Dyes 
A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 
O 
P 
Q 
R 
S 
T 
U 
' = Tailed 
Mg 
0.0 
0.39 (T) 
0.0 
0.07 
0.0 
0.05 
0.0 
0.90 
0.65 
0.0 
0.0 
0.0 
0.02 
0.03 
0.0 
0.04 
0.03 
0.03 
0.0 
0.0 
0.31 (T) 
spot where 
M9 
0.63 
0.39 (T) 
0.0 
0.15 
0.04 
0.0 
0.06 
0.94 
0.94 
0.59 
0.11 
0.04 
0.05 
0.04 
0.04 
0.05 
0.03 
0.35 
0.0 
0.04 
0.26 (T) 
R L - R T > 0 
'M,o 
0.74 
0.39 (T) 
O.O 
0.07 
0.05 
0.0 
0.05 
0.95 
0.99 
0.67 
0.49 
0.05 
0.08 
0.04 
0.06 
0.02 
0.03 
0.34 (T) 
0.0 
0.03 
0.32 (T) 
.3 
M„ 
0.65 
0.43 (T) 
0.0 
0.09 
0.05 
0.0 
0.09 
0.82 (T) 
0.75 (T) 
0.52 
0.28 (T) 
0.07 
0.06 
0.04 
0.06 
0.03 
0.02 
0.26 
0.0 
0.03 
0.32 (T) 
M,2 
0.14 
0.42 (T) 
0.0 
0.02 
0.04 
0.0 
0.08 
0.98 
0.97 
0.17 
0.53 
0.03 
0.06 
0.03 
0.03 
0.02 
0.02 
0.06 
0.0 
0.02 
0.34 (T) 
M,3 
0.84 
0.48 (T) 
0.0 
0.17(T) 
0.04 
0.0 
0.17 
0.98 
0.97 
0.86 
0.67 
0.05 
0.10 
0.03 
0.08 
0.03 
0.02 
0.41 
0.0 
T .02 
0.34 (T) 
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Table 23: Separation pattern of dyes I, R and L on different stationary 
phases (S|, S9, Sio, Sn, Sn) using mobile phase M13 
Stationary phase 
s, 
S9 
1 
Sio 
s„ 
S,2 
ND= Not detected 
I ( R F ) 
0.0 
0.93 
0.98 
0.97 
0.98 
R ( R F ) 
0.0 
ND 
ND 
0.5 
0.47 
L ( R F ) 
0.0 
0.03 
0.03 
0.08 
0.09 
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Table 2.5: Separation of dye I, R and L in the presentee of metal cations 
on S|| developed with mobile phase, M13 
Metal ion 
Co^ ^ 
Cr^ " 
Cr^ 
Fe^ * 
Fe^ 
Cu *^ 
Cd^" 
Pb *^ 
Z n -
Mn^* 
Mo*^ 
Ni'* 
I 
0.98 
0.98 
0.98 
0.97 
0.97 
0,97 
0.97 
0.95 
0.97 
0.97 
0.96 
0.95 
Separation (Rp) 
R 
0.35 
0.36 
0.41 
0.36 
0.35 
0.34 
0.45 
0:50 
0.46 
0.45 
0.47 
0.28 
L 
0.02 
0.02 
0.01 
0.01 
0.02 
0.01 
0.02 
o.ol' " 
0.02 
0.02 
0.03 
0.01 
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Fig. 2.1: Effect on the mobility of certain dyes (J, A, R) by the amount of 
silica gel present in the mixed stationary phase containing soil 
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Fig.2.2: Separation pattern of coexisting 1, R and L with 
mobile phase M13 on 
(A) Soil + Silica (5+ 95) 
(B) Pure Silica 
(C) Pure Soil 
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INTRODUCTION 
Identification of a commercial dyestuff as a known dye or mixture of dyes 
is important for users of dyestuffs, public analysts and chemical examiners in 
customs laboratories. Because of the very large number of dyestuffs marketed 
under a much larger number of names, the problems of identification and analysis 
have become exceedingly complex. 
Amongst the methods available for the analysis of synthetic dyes, thin layer 
chromatography (TLC) is the most useful technique due to (i) low cost (ii) 
minimal sample clean up (iii) wide choice of mobile phases (iv) flexibility in 
sample detection (v) high sample loading and (vi) easy handling. In 1985, 
Winschester (1) first combined the favourable features of high-molecular weight 
extractants with a chromatographic technique and separated a number of rare 
earth elements using di 2-ethyl hexyl phosphoric acid loaded on alumina as 
stationary phase and dilute HCl as mobile phase. Since then the technique of 
reverse-phase chromatography (or reversed-phase extraction chromatography) 
has become very popular. Several papers have been published (2-12) on reversed-
phase thin layer chromatography (RP-TLC) of synthetic dyes.Of the layer 
materials used, Cig (7,8) has been the most favoured for TLC analysis of dyes. 
GDX adsorbed silica (2) and plasmachrome C3 reversed phase silica gel plates (6) 
have also been used. Most of the studies performed on RP-TLC of dyes involve 
the use of acetonitrile, methanol, ethanol, n-hexane as one of the components of 
mobile phase. 
An interesting study on their use of aqueous micellar solutions as mobile 
phase systems in RP-TLC of fluorescein dyes was reported by Shtykov et al. (6). 
Their study reveals the following facts. 
(a) Micellar mobile phases (MMP) based on ionic (cationic and anionic) 
surfactants are suitable for the separation of dyes. 
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(b) Compared to use of conventional organic aqueous mobile phase, separation 
with MMP is quicker and more convenient. 
(c) Micellar mobile phases comprising of cetylpyridinium chloride (cationic 
surfactant) and sodium dodecyl sulphate (anionic surfactant) are very useful in 
promoting spot compactness and mobility of dyes enabling better separation of 
pairs of dyes. 
In view of the above facts, we decided to use micellar mobile phases 
comprising of cetylpyridinium chloride (cationic surfactant), sodium dodecyl 
sulphate (anionic surfactant) and TX-lOO (nonionic surfactant) as mobile phases 
on soil + silica (5+95) layers impregnated with 5%. paraffin oil. Since SDS (0.081 
M) gave best results, this system was utilized in the presence of organic modifiers 
(acetone and methanol). A TLC system comprising of stationary phase (soil + 
silica, 5-J-95) with impregnation by 5% paraffin oil and mobile phase 0.081 M 
SDS plus methanol (1:1, v/v) was identified most suitable for separation of dyes. 
EXPERIMENTAL 
All experiments were performed at 30 ± 2"C 
APPARATUS 
A TLC applicator (Toshniwal, India), 20 x 3.5 cm glass plates and 24 x 6 
cm glass jars were used. 
REAGENTS 
Silica gel G, acetone (Merck, India); sodium dodecyl sulphate, SDS (BDH, 
India); N-Cetyl-N, N, N-trimethyl ammonium bromide (CTAB), TX-lOO and 
methanol (Qualigens, India); paraffin liquid light and petroleum ether (CDH, 
India) were used. All reagents were of Analytical Reagent grade. 
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DYES STUDIED 
Dyes Code Structure 
Bromocresol 
green 
Xylenol orange B 
*NaOOC 
OH C OONa+ 
Aluminone *NaOOC 
W I W ^ 
NaOOC I 
OH 
COONa* 
Alizarin Red S D 
SO3H 
l-(2-
Pyridylazo)-2-
napthol (PAN) 
Pyrocatechol 
violet 
o—s— 
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Bromopyrogallol 
red 
Ammonium 
Purpurate 
H 
H—N 
Thorin 
—ONa* 
Bromocresol 
Purple 
SO3 Na-* 
Methyl red COOH 
^ Q ) - N = ^-\Q)y- N (CH3)2 
Congo red 
--00-"--^ ' 
S03Na+ SOjNa-^ 
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Methylene blue 
(CH3)2N 
Light green 
NaOs! ^ C2H5 NgQ^^ 
Methylthymol blue 
sodium salt 
C37 H40 N2 Na4 Oi3 S 
All the dyes were of Analytical Reagent grade purchased from BDH, CDH, 
Qualigens and Merck India. 
TEST SOLUTIONS 
Test solutions (0.2%) of xylenol orange, ammonium purpurate and 
methylthymol blue sodium salt were prepared in a mixture of water and ethanol 
(1:1, v/v) whereas solutions of (0.1%) of PAN and methyl red where prepared in 
ethanol and water respectively. All other dyes were used as (0.1%) solution in 
water plus ethanol in 1:1 ratio by volume. 
DETECTORS 
Dyes were detected visually according to their original colour. 
STATIONARY PHASE 
Soil + Silica (5+95) layer impregnated with 5% paraffin oil in petroleum 
ether. 
MOBILE PHASE 
Code 
M, 
M2 
M3 
M4 
Ms 
M, 
Composition 
Distilled water 
SDS (0.00081 M) 
CTAB (0.00009 M) 
TX-100 (0.00001 M) 
CTAB (0.009 M) 
CTAB (0.09 M) 
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M7 
Mg 
M9 
Mio 
M„ 
M12 
M,3 
M,4 
M,5 
M,6 
M,7 
M,8 
SDS (0.081 M) 
SDS(0.81M) 
SDS (0.081 M) + Acetone (8:2) 
SDS (0.081 M) + Acetone (6:4) 
SDS (0.081 M) + Acetone (1:1) 
SDS (0.081 M) + Acetone (4:6) 
SDS (0.081 M) + Acetone (2:8) 
SDS (0.081 M) + Methanol (8:2) 
SDS (0.081 M) + Methanol (6:4) 
SDS (0.081 M) + Methanol (1:1) 
SDS (0.081 M) + Methanol (4:6) 
SDS (0.081 M) + Methanol (2:8) 
PREPARATION OF TLC PLATES 
MIXED SOIL - SILICA GEL PLA TES 
Silica gel was mixed with soil in 95:5 ratio (w/w) and slurry was prepared 
by mixing with double distilled water in 1:3 ratio with continuous shaking. The 
slurry was then coated onto glass plates with the help of a TLC applicator to give 
a 0.25 mm layer thickness. The plates were air dried at room temperature and 
then activated by heating for about 50 minutes at 100"C in an electrically heated 
even. The activated plates were stored in a closed chamber until use. 
PARAFFIN OIL IMPREGNA TED MIXED SOIL - SILICA GEL PLA TES 
Paraffin oil impregnated mixed soil-silica gel plates were prepared by post 
coating method. In this method, the activated mixed soil-silica gel plates were 
impregnated with paraffin oil (5%) in petroleum ether by dipping plates in 
solution of impregnant for a specific time period followed by drying of the plate 
at room temperature (30°C). 
The post coating method was found to be suitable for preparation of good 
quality mixed soil-silica gel plates and hence we used plates prepared by this 
method during the present study. 
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PROCEDURE 
The test solutions (approx. 5fit) were spotted on paraffin oil impregnated 
mixed soil-silica gel plates with the help of micropipettc iib(nil 2 cm above the 
lower edge of TLC plates. The spots were dried at room temperature before 
development. The glass jars were presaturated for 10 minutes with the mobile 
phase vapours. The plates were developed with chosen solvent systems by 
ascending technique. The mobile phase was allowed to migrate upto 10 cm from 
starting line. After development, the plates were dried and dyes were detected 
visually. The Ri. (Rp of leading front) and R\ (Rf. of tailing front) values for each 
spot were determined and RF values were calculated as: 
RL + RT 
2 
SEPARATION 
For separation of dyes equal volumes of dyes to be resolved were mixed 
and 5 ^1 of resultant mixture was loaded on TLC plate. The plate was developed 
with mobile phase. The spots were detected and R|. values of the separated dyes 
were determined. 
LIMIT OF DETECTION 
The identification limit of thorin, methyl red, patent blue V and malachite 
green were determined by spotting their different amounts on the TLC plates. The 
method was repeated with successive lowering of the amount of thorin, methyl 
red,patent blue V and malachite green, and further were spotted on mixed soil -
silica gel TLC plates impregnated with 5% paraffm oil. The plates were 
developed with mobile phase. After detection the spots were copied onto tracing 
paper from the'chromatoplates. 
INTERFERENCE 
For investigating the interference of trace metal cations on the separation of 
coexisting dye (I, K, O, M) at) aliquot (Sjil) of foreign substance was spotted 
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along with the mixture (5^1) of dyes (I, K, O, M) and chromatography was 
performed on impregnated mixed soil-silica gel plates and was developed with 
mobile phase Mi6. The spots were detected and R| value of dyes were 
determined. 
RESULTS AND DISCUSSION 
All the dyes except thorin (dye I) are retained at the point of application 
(Ri-= 0.0) on soil + silica (5+95, w/w) layer when TLC plates are developed with 
water (M,), 0.00081 M SDS (M2), 0.00009 M CTAB (M3) and 0.00001 M TX-
100 (M4). Thorin (dye I) shows significant mobility in all mobile phases (M1-M4) 
and hence it can be specifically separated from other dyes under study. Since, the 
concentration of surfactants in the mobile phases is below their CMC value, it can 
be concluded that surfactants are ineffective in solubilizing dyes if present in 
mobile phase at concentration level below their CMC values. The CMC values of 
SDS, CTAB and TX-lOO are 0.0081 M, 0.0009 M and 0.0001 M respectively. 
It is therefore advisable to check the mobility pattern of dyes at higher 
concentration levels of surfactants (i.e above CMC value). The results presented 
in Table 3.1 clearly indicate that the mobility of dyes increases with the increase 
in concentration of anionic surfactant (SDS) above their CMC values. However 
cationic surfactant (CTAB) is less effective as compared to anionic surfactant 
(SDS) in,promoting the mobility of dyes as evident from the mobilities of dyes in 
aqueous CTAB (M5 and Mf,) and aqueous SDS (M7 and Mg). It is also evident 
from the results obtained in M7 and Mg that the mobility of dyes is influenced by 
the magnitude of SDS concentration. At much higher concentration (0.81 M 
SDS), tailed spots with higher mobility are produced compared to mobility at 
lower concentration (0.081 M). Keeping in mind about the compactness of spots 
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and differential migration of dyes, M7 (0.081 M SDS) was selected as mobile 
phase for further studies. 
The results obtained with SDS (0.081 M) containing variable proportions 
of acetone are listed in Table 3.2. The inspection of Ri values clearly reved that 
numerous combinations of separation of dyes are possible. For example, mid R|. 
values of E in Mjo or Mn, M and N in M,2 and O, Q and U in Mg facilitate their 
separations from three component mixtures of other dyes. Thus, dyes showing 
high Rp » (0.9) and very low K\: (0.0-0.14) can be easily separated if present as 
mixture with E, M, N, O, Q or U. Some of the dyes (B, D, E, G, 1, L, M, N, P, R, 
and T) produce tailed spots in certain mobile phase systems. Double spots for T 
were observed with M12 and Mn showing the presence of different types of 
species. Thus, addition of acetone in micellar solution of SDS improves the 
separation possibilities of dyes of diverse nature. 
In order to understand the effect of nature as well as the polarity of organic 
modifier, acetone in mobile phases was substituted by methanol and the resultant 
mobile phase systems (M^-Mis) were used to examine the migration of dyes. The 
results of this study are presented in Table 3.3. From the tabic 3.3, it is evident 
that mobility trend of dyes is influenced by the nature and the concentration or the 
organic modifier. Compared to acetone, methanol containing SDS solutions 
provide better separation oppertunities of dyes as a result of increased spot 
compactness and differential migration of dyes. Most of dyes produce highly 
compact spots in methanol contaning mobile phase and appear around mid of 
TLC plate and hence such dyes can be easily separated from all those dyes 
appearing at the top or near the bottom of TLC plate. None of the dyes produce 
double spots in methanol containing solvent systems. 
From the comparison of Tables 3.2 and 3.3, it is clear that methanol is 
better organic modifier then acetone for multi component separation of dyes. Out 
of mobile phase systems tested, M,6 (0.081 M SDS plus methanol 1:1, v/v) was 
103 
the best to resolve dyes belonging to the same gi'oup as well as the dyes of 
different groups (Fig. 3.1). The important separations experimentally achieved 
with M16 are listed in Table 3.4. The proposed TLC system is capable to resolve 
binary, ternary and quaternary mixtures of dyes. Results shown in Table 3.5 
demonstrate the applicability of proposed method for the separation of dyes in the 
presence of certain metal cations. 
In addition to separation, limit of detection of the dyes were also determined. The 
lowest possible detectable nanogram amounts of dyes, on soil + silica (5+95) 
layer impregnated with 5% paraffin oil in petroleum ether were 1 (15.0), K (7.5), 
O (7.5) and M (0.05) respectively. 
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Table 3.1: Mobility (Rp value) of dyes on soil + silica (5+95) layer 
impregnated with 5% paralf^ n oil, in petroleum ether using different mobile 
phases (Ms-Ms)* 
Dyes 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 
Q 
R 
s 
T 
U 
M6 
0.11 
0.08 
0.0 
0.08 
0.09 
0.10 
0.08 
0.0 
0.61 
0.1 
0.03 
0.05 
0.10 
0.10 
0.1 
0.09 
o.n 
0-09 
0,03 
0.10 
0.1 
Ms 
0.12 
O.n 
0.0 
0.04 
0.11 
0.10 
0.11 
0.0 
0.65 
0.13 
0.05 
0.1 
0.07 
0.09 
0.14 
0.13 
0.12 
0.13 
0.04 
0.1 
0.13 
Ms 
0.92 
0.85 CD 
0.0 
0.31 (T) 
0.42 (T) 
0.0 
0.0 
0.0 
0.82 
0.86 (T) 
0.27 (T) 
0.3 (T) 
0.5 (T) 
0.5 (T) 
0.5 (T) 
0.5 (T) 
0.5 (T) 
0.92 
0.34 (T) 
0.5 (T) 
0.81 
M7 
0.30 
0.17(T) 
0.32 
0.16 (T) 
0.12 
0.30 
0.16 (T) 
0.0 
0.80 
0.25 
0.14 
0.20 (T) 
0.20 (T) 
0.16(T) 
0.15 
0.14 
0.17(T) 
0.30 
0.14 
0.22 (T) 
0.17(T) 
T = Tailed spots where Ri, - RT > 0,3 
* = In M1-M4 mobile phases all dyes except I remain at the point of application. 
The RF values of I were 0.65, 0.69, 0.7 and .0.78 in M1-M4 respectively. 
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Table 3.2: Mobility (Rp values) of dyes on soil + silica (5+95) layer 
impregnated with 5% paraffin oil in petroleum ether, using different ratios 
of acetone in micellar solution of SDS (M7) 
Dyes 
A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
L 
M9 
0.61 
0.76 
0.0 
0.28 (T) 
0.31 
0.80 (T) 
0.81 (T) 
0.0 
0.99 
0.59 
0.58 
0.15(T) 
0.17 (T) 
0.20 (T) 
0.59 
0.19 (T) 
0.62 
0.3 (T) 
0.09 
0.19 (T) 
0.57 
M,o 
0.96 
0.85 (T) 
0.0 
0.5 (T) 
0.43 
0.98 
0.99 
0.0 
0.99 
0.97 
0.94 
0.92 
0.22 (T) 
0.12 
0.70 
0.12 
0.77 
0.15 
0.08 
0.15 (T) 
0.71 
M„ 
0.98 
0.86 
0.0 
0.60 (T) 
0.61 
0.0 
0.98 
0.0 
0.98 
0.98 
0.98 
0.98 
0.31 (T) 
0.14 
0.93 
0.18 (T) 
0.22 CD 
0.88 
0.09 
0.19(T) 
0.79 
M,2 
0.99 
0.81 (T) 
0.0 
0.59 (T) 
0.84 
0.06 
0.99 
0.0 
0.96 
0.98 
0.98 
0.99 
0.57 
0.56 
0.94 
0.31 (T) 
0.4 (1) 
0.98 
0.16 (T) 
DS* 
0.98 
Mi3 
0.94 
0.3 (T) 
0.0 
0.20 (T) 
0.95 
0.08 
0.96 
0.0 
0.20 (T) 
0.95 
(19] 
0.93 
0.77 (T) 
0.88 
0.98 
0.65 (T) 
0.43 {1) 
0.96 
0.16 (T) 
DS** 
0.93 
T = 
DS^ 
DS^ 
Tailed spots where RL 
^ = Double spots (R|. = 
"* = Double spots (R|. = 
-R ,>0 .3 
0.06 and R,.^  
0.09 and R, 
0.64 T) 
= 0.76) 
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Table 3.3: Mobility (Rp values) of dyes on soil + silica (5+95) layer 
impregnated with 5% paraffin oil in petroleum ether, using different ratios 
of methanol in micellar solutions of SDS (M7) 
Dyes 1 
A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
V 
M,4 
0.41 
0.44 
0.0 
0.24 (T) 
0.54 
0.19 (T) 
0.39 
0.0 
0.92 
0.51 
0.32 
0.32 
0.2 (T) 
0.22 (T) 
0.44 
0.20 (T) 
0.2 
0.4 
0.09 
0.19(T) 
0.06 
M,5 
0.87 
0.69 (T) 
0.0 
0.33 (T) 
0.32 
0.76 (T) 
0.92 
0.0 
0.98 
0.68 
0.70 
0.42 
0.09 
0.09 
0.45 
0.11 
0.12 
0.51 
0.05 
0.12 
0.51 
M,6 
0.90 
0.74 (1) 
0.0 
0.48 (1) 
0.25 
0.5 (T) 
0.95 
0.0 
0.97 
0.85 
0.79 
0.77 
0.1 
0.05 
0.49 
0.08 
0.08 
0.54 
0.04 
0.07 
0.51 
M,7 
0.95 
0.80 (1) 
0.0 
0.14 
0.44 
0.97 {1) 
0.98 
0.0 
0.98 
0.97 
0.93 
0.97 
0.15 
0.07 
0.94 
O.IO 
0.11 
0.92 
0.05 
0.09 
0.84 
M,8 
0.98 
0.95 
0.0 
0.25 ( l ) 
0.74 
0.1 
0.94 
0.0 
0.97 
0.96 
0.97 
0.98 
0.55 (T) 
0.45 (T) 
0.94 
0.31 (T) 
0.34 (T) 
0.94 
0.1 
0.3 (T) 
0.94 
T = Tailed spots where RL - RT > 0.3 
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Table 3.4: Experimentally achieved various separations on soil + silica 
(5+95) layer impregnated with 5% paraffin oil in petroleum ether 
developed with M|6 
Dyes Separations (Rp values) 
Triaryl methane dyes. 0(0.54) - Mix (M, N, Q and T) (0.09) 
G (0.97) - Mix (M, N, Q and T) (0.09) 
J (0.7) - Mix (M, N, Q and T) (0.1) 
0 (0 .51 ) - J (0.84) 
O (0.54)-G (0.95) 
A (0.85)-O (0.56)-T (0.08) 
A (0.86)-O (0.55)-Q (0.07) 
A (0.77) - O (0.49) - M (0.07) 
A (0.87)-O (0.50)-N (0.05) 
J (0.80)-O (0.54)-Q (0.06) 
J (0.83)-O (0.52)-T (0.06) 
J (0.86)-O (0.53)-M (0.07) 
Azodyes I (0.98) - Mix (K and L) (0.79) 
1 (0.98) - R (0.65) 
R (0.67) - Mix (K and L) (0.8) 
I (0.98) K (0.81)-R (0.70) 
Triaiyl methane and azo dyes J (0 .9)-O (0.49)-N (0.05) 
G (0.98)-K (0.85)-0(0.54) 
I(0.98)-K(0.78)-O(1.51) 
I (0.98) - K (0.85) - O (0.58) - M (0.07) 
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Table 3.5: Separation of dye 1, K, O and M in the presence of metal cations 
on soil + silica (5+95) layer impregnated with 5% paraffin oil in petroleum 
ether and developed \vith mobile phase M|6 
Metal ion 
Mo^ 
Cr^ 
Cr'^ 
Zn?^ 
Separation (Rp) 
I 
0.97 
0.98 
0.98 
0.98 
K 
0.83 
0.79 
0.84 
0.81 
O 
0.54 
0.46 
0.56 
0.49 
M 
0.05 
0.03 
0.04 
0.04 
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Solvent Front 
Start line 
Fig 3.1: Separation pattern of coexisting I, K, O and iVI with mobile phase 
Mi6 on mixed soil + silica (5+95) layer impregnated with paraffin oil (5%) in 
petroleum ether 
10 
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